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Abstract	
	
The	use	 of	materials	 that	 comes	 from	nature	 such	 as	 bamboo	 and	 ceramics	 has	
been	processed	 into	 fungsional	 products	 from	 centuries	 ago	 into	 its	 current	 form	has	
been	used	by	man	kind	to	fulfill	our	needs.	The	combining	of	bamboo	and	clay	has	also	
been	done	generally.	Usually	the	use	of	bamboo	on	ceramics	products	is	for	extra	parts.	
For	example,	ceramics	container,	the	bamboo	is	used	as	the	handle	of	the	container.		
Usually	the	process	for	both	materials	are	separate	and	is	joined	at	the	final	stage	of	the	
manufacturing	or	assembly.		
From	the	research	that	has	been	done,	the	process	of	mixing	of	both	material	can	
be	 achieved	 by	 using	 a	 mixed	 hybrid	 material	 process,	 where	 the	 combination	 of	
bamboo	and	clay	that	 is	 integrated	 into	one	product	can	be	achieved	by	applying	heat	
resistant	chemical	materials	to	the	bamboo	and	baking	it	with	the	clay	in	the	oven.	The	
temperature	 of	 the	 oven	would	 be	 set	 at	 a	 low	 setting	 (6000C‐7000C).	 The	use	 of	 this	
Mixed	Hybrid	Process	in	baking	the	ceramics	and	bamboo	at	the	same	time	is	hoped	to	
achieve	a	functional	product	with	inovative	and	aesthetic	appeal,	and	can	open	the	way	
to	new	ways	of	mixing	bamboo	and	clay	ceramics.				
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1. Introduction	
Materials	that	comes	from	nature	are	used	by	people,	one	of	them	is	the	bamboo	
plant.	It	is	abundantly	found	in	Indonesia	from	the	Sumatra	islands	up	to	the	east	in	area	
of	Papua.	Traditionally	bamboo	is	used	for	basic	materials	for	various	uses.	Besides	its	
relatively	 cheap	 price,	 bamboo	 also	 has	 a	 high	 economic	 value.	 It	 is	 a	 sustainable	
material	because	it	grows	and	can	be	harvested	in	a	relatively	short	time	compared	to	
other	 wooden	 materials.	 Bamboo	 characteristically	 has	 a	 high	 tensile	 strength	 to	
support	weight	and	a	high	elasticity	(Widaja	2001).	In	its	use,	bamboo	is	easy	to	be	cut	
and	split.	One	of	the	advanced	use	of	bamboo	is	to	make	a	bio‐composite	material	which	
can	be	used	as	a	building	material	(Suhaily	2013).	
In	 other	 Asian	 countries,	 bamboo	 has	 been	 processed	 into	 panel	 boards	 and	
particle	boards	(Nikogomo	2017),	meanwhile	in	Indonesia	bamboo	is	still	processed	in	a	
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traditional	 manner	 by	 the	 artisans	 in	 Tangerang	 Selatan,	 an	 area	 in	 the	 province	 of	
Banten.	 80%	 of	 the	 use	 of	 bamboo	 in	 Indonesia	 is	 used	 for	 building	 construction	
material	 (Warta	Ekspor,	December	2011	edition),	 beside	 that,	 bamboo	 is	 also	 used	 to	
make	homeware	and	tableware	products.	The	bamboo	used	for	this	is	the	locally	known	
Apus	Bamboo	 variety/	Gigantochloa	Apus	 (Mayasari	 2012).	 The	 tableware	made	 from	
bamboo	 is	 commonly	 combined	 with	 other	 materials.	 The	 combination	 of	 these	
materials	is	to	achieve	an	aesthetic	look,	or	as	a	main	component	or	support	component	
from	a	fungsional	product.	The	commonly	used	materials	for	these	combination	is	wood	
and	rattan.	Rattans	are	mainly	turned	into	a	weave	and	binding	component	to	 join	the	
bamboo	components.	
Other	 development	 in	 the	 processing	 of	 bamboo	materials	 in	 the	 traditional	 or	
modern	way	is	to	make	tableware	product.	The	joining	of	this	process	results	in	a	joined	
clay‐bamboo	(hybrid	material	processing)	The	clay	that	is	used	for	this	process	is	from	
the	earthenware	type.	This	type	of	clay	is	abundantly	available	in	Indonesia	and	is	easy	
and	 cheap	 to	 procure	 (Jone	 2015).	 This	 type	 of	 processing	 technic	 is	 used	 during	
making,	assembly	or	final	finishing	of	the	product.	
Another	technic	from	the	research	and	experiments	of	the	development	of	hybrid	
material	 processing	 for	 tableware	 products	 made	 from	 bamboo	 and	 clay	 is	 in	 the	
beginning	stage	of	assembly	where	the	bamboo	and	clay	is	joined	together	to	form	the	
product	before	it	is	put	into	the	kiln.	The	bamboo	material	will	need	to	be	heat	treated	
before	 it	 is	 joined	with	 the	clay	 	 so	 that	 it	 is	not	 charred	and	burned	when	 it	 is	being	
fired	in	the	kiln.	Because	of	the	limitation	of	the	heat	resistant	material,	 the	process	of	
firing		the	clay	and	and	bamboo	will	be	limited	to	a	low	temperature	of	6000C‐7000C.	
With	the	application	of	this	technic	bamboo	clay	hybrid	process,	it	is	hoped	that	a	
new	inovation	and	more	diversified	function	of	joining	system	of	different	components	
of	a	earthenware	product.	 	Besides	that	with	this	technic	new	designs	can	be	achieved,	
where	 the	 different	 material	 can	 be	 combined	 into	 a	 more	 aesthetically	 pleasing	
product.	With	this	simple	hybrid	process,	it	is	hoped	that	it	can	be	used	by	small	home	
industries	in	Indonesia,	especially	in	the	South	Tangerang	region	of	Banten	province.	For	
the	future,	this	hybrid	process	can	be	used	to	develop	other	products	with	different	uses	
and	functions.		
	
	
 
	
a  b
Figure	1(a)	Ceramic	tableware	product;	(b)	Ceramic	and	bamboo	for	tableware	product.	
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2. Material	and	Methods	
2.1. Research	Object	
The	hybrid	process	 that	will	be	aplied	 to	 the	 tableware	product	wil	use	bamboo	
and	 clay.	 The	 variety	 of	 bamboo	 used	will	 be	Dendrocalamus	Asper,	 locally	 known	 as	
Betung	bamboo.	This	type	of	bamboo	grows	in	humid	areas	and	can	reach	a	height	of	20	
meters.	 This	 type	 of	 bamboo	 is	 widely	 available	 in	 all	 of	 Indonesia.	 This	 bamboo	 is	
chosen	 because	 it	 has	 a	 thick	 body	with	 a	minimum	 thickness	 of	 +/‐	 0.5	mm	and	 the	
diameter	 can	 reach	 up	 to	 +/‐	 25	 cm,	 with	 a	 bending	 property	 of	 161±11	 MPa	
(Ardhyananta	2012),	With	this	thickness,	the	bamboo	can	be	processed	into	strips	that	
can	be	turned	into	laminated	bamboo	trips.	The	thickness	of	the	laminated	bamboo	that	
will	be	used	for	the	supporting	component	is	+/‐	0.5	cm	up	to	+/‐	1	cm.	The	type	of	clay	
used	will	be	secondary	clay	(Earthenware)	 	which	could	be	fired	in	the	kiln	with	a	 low	
temperature.		
	
	
	
	
	
	
	
	
	
	
	
	
	
The	process	of	 joining	 the	bamboo	and	clay	will	need	a	heat	 resistant	coating	to	
help	keep	 the	 bamboo	 from	 getting	 burned	while	 the	product	 is	 fired	 in	 the	 kiln.	 The	
type	 of	 coating	 used	 will	 be	 ones	 that	 are	 commercially	 available,	 which	 is	 sodium	
polyacrylate	and	ceramic	fibre	blanket	uses	for	fire	retardant	(Raghuram	2016).	
 
	
	
	
	
	
	
	
	
	
	
a  b
Figure	2	(a)	Bamboo	strip	material;	(b)	Bamboo	laminated	material.
a  b
Figure	3.	(a)	Clay	material	(Earthenware);	(b)	Ceramic	product.
a  b
Figure	4(a)Ceramic	fibre blanket	material;	(b)	Sodium	polyacrylate.
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2.1 Methods	
The	process	of	making	 the	hybrid	process	 is	 started	with	deterining	 the	 type	 of	
heat	 resistant	 coating	 that	 will	 be	 applied	 to	 the	 bamboo	 and	 how	 many	 layers	 of	
application	will	be	needed	so	that	it	is	heat	proof	so	that	the	bamboo	can	survive	during	
the	firing	process	inside	the	kiln.	The	heat	resistant	material	must	be	able	to	protect	the	
bamboo	up	to	700°C	and	it	has	to	be	able	to	keep	its	heat	resistant	property	up	to	3‐4	
hours.	 (the	 length	 of	 time	 needed	 for	 the	 clay	 to	 be	 fired	 inside	 the	 kiln	 for	 low	
temperature	 firing).	 The	kiln	 used	will	 be	 using	 fire	 from	a	LPG	 (Liquefied	Petroleum	
Gas)	 source.	 The	 heat	 coating	 that	 will	 be	 used	 in	 the	 experiment	 is	 by	 coating	 and	
covering	 the	 whole	 bamboo	 part	 thoroughly	 so	 that	 it	 would	 prevent	 any	 physical	
changes	during	the	firing	of	the	combined	bamboo	and	clay	in	the	kiln.	
The	 next	 phase	 of	 the	 experiment	 will	 be	 to	 make	 alternative	 models	 of	 the	
product.	This	phase	is	to	examine	the	effectiveness	of	the	hybrid	combination	process.	It	
is	also	used	 to	determine	 the	percentage	of	difference	of	 shrinkage	between	when	 the	
clay	is	fired	and	before	it	has	been	fired.	So	that	the	size	of	the	gap	between	bamboo	and	
clay	material	can	be	accounted	for	and	the	shrinkage	tollerance	size	can	be	documented.		
3. Result	and	Discussion	
	
3.1. Result	of	heat	resistant	material	coating	experiment	on	bamboo	
The	experiment	uses	a	ceramic	fibre	blanket	as	the	insulation	material	to	protect	
the	bamboo	so	 that	 it	does	not	burn	and	turn	 into	charcoal.	The	ceramic	 fibre	blanket	
used	 has	 a	 thickness	 of	 6‐12mm.	 The	 ceramic	 blanket	 is	 made	 from	 aluminua‐silica‐
zircon	and	is	used	generally	for	industrial	uses	where	it	is	used	to	insulate	equipments	
from	 high	 temperature.	 The	 experiment	 uses	 the	 heat	 insulation	 blanket	 to	 cover	 the	
bamboo	components	entirely.	
To	 add	 the	 heat	 resistancy	 to	 high	 temperature	 during	 firing	 in	 the	 kiln,	 the	
bamboo	material	 is	 first	 coated	 in	with	 sodium	polyacrylate	material,	 the	 thickness	of	
this	material	used	is	±	0,5cm‐1cm,then	it	 is	covered	with	the	ceramic	 fibre	blanket,	To	
keep	 any	 hot	 air	 from	 passing	 the	 insulation	 material,	 the	 whole	 surface	 must	 be	
completely	covered.	
		
	
	
	
	
	
	
	
	
	
a  b
Figure	5(a)	Ceramic	fibre	blanket	and	sodium	polyacrylate;	(b)	Bamboo	material	
ready	to	kiln	process	
357 
 
	
	
	
	
	
	
The	experiment	process	uses	bamboo	with	two	thickness	(4mm	and	8mm)	blades	
which	 has	 been	 covered	 with	 the	 sodium	 polyacrylate	 and	 ceramic	 fibre	 insulation	
materials	which	are	then	fired	up	 in	the	kiln	with	a	 temperature	of	700°C	for	4	hours.	
The	 experiment	 shows	 that	 during	 the	 firing	 there	 are	 no	 changes	 to	 the	 bamboo	
material	 with	 the	 thickness	 of	 8mm,	 it	 is	 not	 burned	 at	 all.	 The	 4mm	 bamboo	 blade	
however	shows	some	burning	at	the	edges	because	the	covering	insulation	material	was	
not	covering	the	bamboo	material	sufficiently	which	causes	hot	air	to	come	into	contact	
with	the	bamboo	and	burns	it.	
To	 find	out	how	 thick	 the	 sodium	polyacrylate	 and	 ceramic	 fibre	needs	 to	be	 to	
protect	the	bamboo	material,	a	couple	of	experiment	 is	done	with	various	thickness	of	
insulating	materials.	The	different	 thickness	of	 the	 insulating	materials	 is	 then	fired	 in	
the	kiln	for	4	hours	with	a	temperature	of	700°C.	The	results	can	be	seen	in	table	1.	
	
Table	1.	Results	of	experiment	on	various	thickness	of	insulation	materials	
No	 Thickness	of	insulation	materials	(sodium	
polyacrylate	and	ceramic	fibre	blanket	coating)	
condition	of	bamboo	
material		
1	 ±3	mm	 burnt	and	turned	into	
charcoal	
2	 ±6	mm	 burnt	and	turned	into	
charcoal	
3	 ±12	mm	 Unburned	
4	 ±18	mm	 Unburned	
	 	 	
From	the	experiments	shown	in	Table	1,	 the	effective	thickness	of	the	 insulation	
material	 to	 protect	 the	 bamboo	 so	 that	 it	 is	 not	 burnt	within	 the	 kiln	 temperature	 of	
700°C	 is	 ±12	mm	‐	±18	mm.	This	 thickness	will	be	used	as	standard	 for	 the	 following	
experiments,	which	is	the	firing	of	the	bamboo	and	clay	material	at	the	same	time.		
Figure	7.	The	result	of	kiln	process,	±12	mm		sodium	polyacrylate	and	ceramic	fibre	blanket	coating	layer,	
bamboo	thickness	4	mm.	
 
a  b
Figure	6(a)	Burning		process	inside	the	kiln;	(b)	Temperature	
indicator	(±700C	)	
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Figure	8.	The	result	of	kiln	process,	±12	mm		sodium	polyacrylate	and	ceramic	fibre	blanket	coating	layer,	
bamboo	thickness	8	mm.	
The	kiln	that	is	going	to	be	used	for	the	firing	only	has	1	heat	source	which	is	at	
the	back,	this	causes	the	temperature	to	be	hotter	at	the	bake	of	the	kiln	than	the	front,	
this	heat	can	cause	 the	protecting	 insulation	material	 to	not	work	optimally.	From	the	
experiments	 done	 to	 minimize	 the	 burning	 of	 the	 edges	 and	 surfaces	 of	 the	 bamboo	
material	 during	 the	 firing	 process	 inside	 the	 kiln,	 the	 placing	 of	 the	 bamboo	material	
must	be	further	away	from	the	source	of	heat	of	the	kiln.		
3.2. Result	of	the	tableware	product	experiment	
The	type	of	 tableware	product	 that	will	be	made	 from	the	clay	 that	 is	combined	
with	bamboo	is	containers	to	store	eating	utensils	such	as	forks,	knives	and	water.		For	
other	 components	 parts	 using	 bamboo,	 it	 will	 be	 made	 from	 bamboo	 using	 the	 cold	
press	 lamination	 system	 with	 inline	 lamination	 pattern	 (Sulastiningsih	 2014)	 the	
thickness	of	 the	 laminated	material	 is	10	mm,	 to	 form	 the	 component	 so	 that	 is	more	
ergonomic	and	easy	to	handle	and	hold,	and	 joined	with	the	clay	material	(Oka	2008),	
the	laminated	bamboo	will	be	shaped	and	bended	into	a	90°	angle.	
	
	
	
	
	
	
Figure	9.	(a)	Bamboo	laminated	bending	mold;	(b)	Cold	press	bending	process			
 
 
 
 
 
 
 
 
 
 
Figure	10.	(a)	Bamboo	laminated	bending;	(b)	Handle	component	from	bamboo	laminated 
The	 connection	 and	 joint	 that	 will	 be	 used	 to	 join	 the	 two	 materail,	 uses	 the	
shaping	of	the	clay	as	the	binding	connection	of	the	handle	of	the	tableware	product.	The	
process	of	applying	the	heat	resistant	material	have	to	be	twice	as	much	for	the		bamboo	
material	 that	 is	 in	direct	contact	with	the	clay	materials	surface.	This	 is	because	when	
fired	 in	 the	 kiln,	 the	 clay	material	 can	 retain	 heat	 up	 to	 1400°C	 (Purnomo	 2014).	 By	
using	the	clay	properties	that	have	a	shrinkage	property	when	it	is	dried	and	when	it	is	
fired.	The	humidity	of	the	clay	is	reduced	when	it	is	air	dried	(air	shrinkage)	and	when	it	
is	 fired	 (kiln	 shrinkage)	 is	 used	 to	make	 a	 bond	 between	 the	 clay	 component	 and	 the	
bamboo	component,	si	that	it	is	binded	permanently.	Clay	has	a	shrinkage	percentage	of	
a b
a b
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5‐15%.	To	keep	the	clay	component	 from	cracking	during	shrinkage,	 there	has	to	be	a	
tolerance	between	the	bamboo	and	clay	component.	
	
	
	
	
	
Figure	11.	Clay	that	has	been	shaped	into	tableware	product,	ready	to	be	joined	with	the	bamboo	component	
	
	
	
	
Figure	12.	Joining	of	bamboo	component	(handle)	and	clay	component		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	13.	Detail	joining	component	handle	and	clay	component	
Before	the	firing	in	the	kiln	can	be	done,	the	bamboo	component	must	be	covered	
completely	 with	 the	 heat	 insulating	 materials,	 it	 is	 covered	 with	 5mm	 of	 sodium	
polyacrylate	and	then	covered	with	the	ceramic	fiber	material.	For	the	part	that	touches	
directly	 with	 the	 clay	 material,	 it	 will	 need	 extra	 insulating	 material	 on	 the	 out	 side	
because	 the	 gap	 tollerance	 between	 the	 clay	 and	 bamboo	 is	 small	 (4mm)	 This	 could	
cause	the	insulating	material	to	not	work	optimally.	The	next	process	is	to	fire	the	joined	
components	 in	 the	 firing	 kiln	 for	 4	 hours	 with	 a	 temperature	 of	 700°C.	 This	 firing	
process	ill	turn	the	clay	into	ceramic.		
	
	
	
	
	
	
	
Figure	14,	Bamboo	component	that	has	been	covered	with	insulating	materials	
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Figure	15.		Bamboo	and	clay	component	position	inside	the	kiln	and	ready	to	burning	process	
 
With	 the	 hybrid	 firing	 process	 in	 the	 kiln,	 the	 clay	 material	 component	 can	
physically	turn	into	ceramic	after	being	fired	for	4	hours	with	a	tempereature	of	700°C.	
The	part	 that	 functions	 as	 the	 joint	 has	 a	 shrinkage	 of	 5%	 from	 the	 size	 before	 it	 has	
been	fired.	For	the	bamboo	material	component,	there	is	deformation	from	being	burnt	
at	the	edge	and	sides	of	the	handle	component	where	it	physically	touches	with	the	now	
ceramic	part.	From	the	analysis	it	is	shown	that	the	damage	happens	because	the	part	is	
not	 sufficienly	 covered	 by	 the	 heat	 insulation	 materials,	 because	 the	 heat	 can	 go	
between	the	edges	of	the	joining	part	of	the	clay	component.	This	happens	because	the	
gap	tollerance	is	small	(4mm)	and	the	effective	insulation	materials	that	can	be	applied	
is	only	±3mm	in	thickness.	End	result	of	experiment	can	be	seen	in	figure	16.	
	
	
	
	
	
	
 
 
Figure	16.	(a)	Final	result	after	burning	process	finished;	(b)	The	joint	between	bamboo	and	ceramic	material	
become	burnt	after	burning	process	finished	
3.3. Conclusion		
There	 need	 to	 be	 further	 experiments	 and	 research	 regarding	 this	 hybrid	 clay	
bamboo	material	process	 so	 that	 the	end	product	 can	be	more	optimal	 in	 the	process	
and	 so	 that	 it	 could	 be	 used	 to	 develop	 more	 innovative	 ceramic	 bamboo	 product	
developments.	The	research	and	further	experiments	needed	are:		
 The	use	of	other	materials	than	sodium	polyacrylate	and	ceramic	 fibre	blanket	that	
could	 withstand	 the	 firing	 temperature	 of	 700°C‐1000°C	with	 the	 thickness	 of	 the	
insulation	to	be	less	than	10mm.	
 Development	 of	 locking	 joint	 design	 of	 the	 clay	 and	 bamboo	 material	 so	 that	 the	
design	can	lock	both	material	component	more	effectively.	
 Further	experiments	for	the	finishing	process	of	the	materials	after	the	firing	process	
in	the	kiln.	
 Further	 developments	 are	 needed	 to	 develop	 more	 designs	 with	 other	 use	 and	
functions	from	this	hybrid	process.		
	
	
a  b
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